Introduction
============

Endometriosis (EMs) is characterized by the growth of endometrial glands and stroma outside the uterine cavity and is a common disease among women of childbearing age ([@b1-etm-0-0-5145]). EMs affects 6--10% fertile women and may cause abdominal pain and decreased fertility and its recurrence rate is slightly higher than its incidence rate ([@b2-etm-0-0-5145]). EMs can migrate to distant tissues, including the peritoneum, ovarian and inteestinal walls ([@b3-etm-0-0-5145]). Although EMs is a benign disease, it has malignant capabilities ([@b4-etm-0-0-5145]).

MicroRNAs (miRNAs) are a class of endogenous and highly evolutionarily conserved non-coding RNAs of 18--24 nucleotides in length ([@b5-etm-0-0-5145],[@b6-etm-0-0-5145]). miRNA can induce mRNA degradation or the translational repression of target genes through complementary pairing with the 3′ untranslated region (UTR) of target mRNA ([@b7-etm-0-0-5145]). It has been demonstrated that miRNA serves a variety of roles in physiological processes, including growth, differentiation, proliferation and apoptosis ([@b8-etm-0-0-5145]--[@b10-etm-0-0-5145]). In addition, miRNA can change the physiological and biological characteristics of the endometrium by targeting multiple genes ([@b11-etm-0-0-5145],[@b12-etm-0-0-5145]). Therefore, differences in the miRNA expression profile between patients with and those without EMs may indicate associations with the development of EMs. Previous studies have demonstrated that miR-30c may be involved in the progression of numerous diseases, including the regulation of plasminogen activator inhibitor (PAI) in sickle cell anemia ([@b13-etm-0-0-5145]), the reorganization of myocardial connective tissue in myocardial infarction ([@b14-etm-0-0-5145]), adipocyte differentiation in diabetes ([@b15-etm-0-0-5145]), inhibition of the invasion of non-small cell lung cancer ([@b16-etm-0-0-5145]) and promotion of the toxicity of natural killer cells to inhibit the development of liver cancer ([@b17-etm-0-0-5145]). It has been reported that miR-30c negatively regulates endometrial cancer cells by repressing the metastasis-associated gene-1 (MAG-1) ([@b18-etm-0-0-5145]). However, the role of miR-30c in EMs has not yet been assessed.

PAI type 1 (PAI-1) belongs to the serine protease inhibitor superfamily and is single-chain glycoprotein composed of 379 or 381 amino acids, with a molecular mass of 50×10^3^ Da ([@b19-etm-0-0-5145],[@b20-etm-0-0-5145]). PAI-1 protein is unstable as it does not contain a disulfide bond; however, it can become stable by combining with vitronectin ([@b19-etm-0-0-5145],[@b21-etm-0-0-5145]). PAI-1 has three types of structures; an active, inactive and unstable type, and its conformation can be mutually transformed ([@b19-etm-0-0-5145],[@b22-etm-0-0-5145]). PAI-1 is widely expressed in various cell types, including platelets, monocytes, megakaryocytes, liver cells, mesangial cells, fibroblasts and basal cells in adipose tissue ([@b23-etm-0-0-5145]). In addition, vascular smooth muscle cells and endothelial cells are the primary producers of PAI-l ([@b19-etm-0-0-5145]). Secreted PAI-1 can enter the stromal cells or blood circulation and certain PAI-1 proteins in circulating blood can be stored in the α particles of platelets, while others present in plasma serve important physiological functions ([@b24-etm-0-0-5145]). PAI-1 has an important regulatory role in the fibrinolytic system and the coagulation system, which is the primary inhibitor of the fibrinolytic system, to suppress urinary plasminogen activator/tissue plasminogen activator activity and to block the conversion of plasminogen to plasmin ([@b25-etm-0-0-5145]). Furthermore, PAI-1 serves an important role in cell signaling, adhesion and metastasis ([@b26-etm-0-0-5145]). PAI-1 can inhibit fibrinolysis, stabilize the extracellular matrix and promote invasion ([@b27-etm-0-0-5145],[@b28-etm-0-0-5145]). It has been demonstrated that PAI-1 may stabilize the basement membrane by inhibiting protein degradation in a number of physiological processes, including the evolution of connective tissue, blood coagulation, fibrinolysis, complement activation, inflammatory overreaction and tumor angiogenesis and stability ([@b29-etm-0-0-5145]--[@b31-etm-0-0-5145]).

The development and progression of EMs includes numerous steps, including cell adhesion, invasion and angiogenesis ([@b4-etm-0-0-5145]). In the present study, the expression of miR-30c and PAI-1 in EMs was measured and the role of miR-30c and PAI-1 in EMs was analyzed.

Materials and methods
=====================

### Patients and samples

The present study included 20 female patients with EMs who were admitted to the Department of Gynaecology and Obstetrics of the Affiliated Hospital of Jining Medical University (Jining, China) between May 2013 and December 2014. Their eutopic and ectopic endometrium were collected. As a control, normal endometrial tissues were collected from 18 female patients with primary cervical cancers who had undergone complete hysterectomy. The average age of patients with EMs was (43±2.4 years) and that of the control group was (41±3.3 years); there were no significant differences between two groups with regard to age. All patients experienced regular menses and the endometrium was in the secretory phase (confirmed by menstrual cycle and histological examination). Only patients who had not received any hormone treatment and who had not experienced any serious complications in the three months preceding surgery were included in the present study. Prior written and informed consent was obtained from every patient and the study was approved by the ethics review board of the Affiliated Hospital of Jining Medical University (Jining, China).

### Isolation and culture of primary endometrial stromal cells (ESCs)

ESCs were isolated from endometrial tissues. In brief, following rinsing 2--3 times with phosphate-buffered saline (PBS), endometrial tissue was cut into 0.5--1 mm^3^ sections, which were incubated with collagenase (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) at 37°C for 50--80 min. An equal volume of Dulbecco\'s modified Eagle\'s medium (DMEM)/F12 (Hyclone; GE Healthcare Life Sciences, Logan, UT, USA) with 10% fetal bovine serum (FBS) (Hyclone; GE Healthcare Life Sciences) was added when no obvious tissue mass was observed. Tissue residues were removed using a 100-mesh filter and the filtrate was centrifuged at 800 × g, for 5 min at 4°C. The pellet was re-suspended in serum-free DMEM/F12 (HyClone; GE Healthcare Life Sciences) and then filtered through a 200-mesh filter. The filtrate was centrifuged at 1,000 × g for 10 min at 4°C and the supernatant was discarded. The cells were suspended in the DMEM/F12 with 10% FBS (containing 100 IU/ml penicillin and 100 IU/ml streptomycin), seeded in culture flasks and incubated at 37°C in 5% CO~2~ for 24 h. The DMEM/F12 medium with 10% FBS was replaced and cells were cultured at 37°C in an incubator with 5% CO~2~. The medium was changed every 48 h and cell growth was measured every day. Once the cells had reached 80--90% confluence, cells were passaged following a standard procedure.

### miRNA transfection

At 24 h prior to transfection, cells were seeded in 6-well plates at 70--90% confluency. ESCs were divided into four groups based on transfection: An miR-30c mimics group, a miR-30c inhibitor group, a negative control group (NC) and a blank group. These miRs were purchased from Genepharma Co., Ltd. (Shanghai, China). Lipofectamine^®^ 2000 (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) was used for transfection following the manufacturer\'s instructions. Cells were harvested 48 h after transfection and reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was performed to detect the expression of miR-30c and PAI-1 in the cells.

### RNA extraction and RT-qPCR

Total RNA was isolated from tissues using 1 ml TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc.) per 100 mg tissue according to the manufacturer\'s protocol. For transfected cells, 2×10^5^ cells were treated with 1 ml TRIzol reagent. RNA integrity was checked by gel electrophoresis and the purity of RNA was assessed using the ratio of absorbance at 260 and 280 nm (Thermo Scientific™ Evolution 300; Thermo Fisher Scientific, Inc.). Complementary (c)DNA was synthesized from total RNA by reverse transcription with the PrimeScript™ RT regent kit (Takara Biotechnology, Inc., Dalian, China) and stored at −20°C. The 20-µl reverse transcription system included 6 µl miRNA template, 2×10 µl miRNA Reaction Buffer mix, 2 µl 0.1% bovine serum albumin (BSA) and 2 µl miRNA PrimeScript RT Enzyme Mixture (all Takara Biotechnology, Inc.). The reaction was performed using ABI Veriti 96-Well Thermo Cycler (Thermo Fisher Scientific, Inc.) at 37°C for 60 min with Poly A primer. The SYBR-Green RT-PCR Master mix (Takara Biotechnology, Inc.) was used to detect the expression of miR-30c and PAI-1 in tissues and ESCs. U6 was used as internal reference for detecting miR-30c, while GAPDH was used for PAI-1. The primer sequences were as follows: U6 forward, GCT TCG GCA GCA CAT ATA CTA AA AT and reverse, CGC TTC ACG AAT TTG CGT GTC AT; GAPDH forward, TTA GCA CCC CTG GCC AAG G and reverse, CTT ACT CCT TGG AGG CCA TG. The primers for miR-30c were 5′-TGTGTAAACATCCTACACTCTCAG-3′ and Uni-miR qRT-PCR Primer (Sangon Biotech Co., Ltd., Shanghai China). The primers for PAI-1 were: Forward, 5′-ACCTGGGAATGACCGACATGT-3′ and reverse, 5′-CTCTCGTTCACCTCGATCTTCACT-3′. The miRNA reaction system included 12.5 µl SYBR RT-PCR Master mix, 1 µl forward primer and 1 µl reverse primer, 2 µl cDNA and 8.5 µl double distilled (dd)H~2~O, and the cycling conditions were as follows: 95°C for 30 sec, followed by 40 cycles of 95°C for 5 sec and 60°C for 20 sec. The PAI-1 system included 10 µl SYBR RT-PCR Master mix, 0.5 µl forward primer and 0.5 µl reverse primer, 1 µl cDNA and 8 µl ddH~2~O. The PCR cycling conditions were as follows: 95°C for 10 min, followed by 40 cycles at 95°C for 1 min, 60°C for 40 sec, 72°C for 30 sec and 72°C for 1 min. Relative expression was calculated using the 2^−ΔΔCq^ method ([@b32-etm-0-0-5145]).

### Western blot analysis

For protein isolation, each 50-mg tissue sample was ground into powder with liquid nitrogen and lysed with 600 µl radioimmunoprecipitation assay (50 mM Tris-base, 1 mM EDTA, 150 mM NaCl, 0.1% SDS, 1% Triton X-100 and 1% sodium deoxycholate) lysis buffer. Following centrifugation at the speed of 12,000 × g at 4°C for 5 min, the supernatant was obtained and the protein concentration was assessed using Pierce BCA Protein Assay kit. (Thermo Fisher Scientific, Inc.) A similar method was applied to extract proteins in ESCs. Isolated proteins (10 µl) were separated by 10% SDS-PAGE and then transferred to a polyvinylidene difluoride membrane. The proteins were incubated with primary antibodies for 1 h at room temperature. The primary antibodies were rabbit anti-human PAI-1 (no. 11907; 1:800) and rabbit anti-human GAPDH antibody (no. 2118; 1:2,000). The membranes were then incubated with secondary antibody overnight at 4°C. The secondary antibody was horseradish peroxidase-conjugated goat anti-rabbit immunoglobulin G (no. 7074; 1:1,000). All antibodies were purchased from Cell Signaling Technology, Inc. (Danvers, MA, USA). Finally, the membrane was developed by enhanced chemiluminescence plus reagent (EMD Millipore, Billerica, MA, USA). Image Lab™ software (Bio-Rad Laboratories, Inc., Hercules, CA, USA) was applied to analyze the blot images and the intensity of the bands.

### Transwell migration assay

The migration assays were performed using Transwell chambers (Corning Inc., New York, NY, USA). The re-suspended ESCs were seeded (1×10^5^ cell/well) in 200 µl serum-free RPMI 1640 medium (Hyclone; GE Healthcare Life Sciences) and placed into the upper chambers, while the bottom chambers contained 750 µl RPMI medium with 10% FBS. After 48 h of culture, cells on the lower side of the membrane were fixed with 4% formaldehyde at room temperature, washed with PBS and stained using crystal violet. Finally, images of the cells were captured under a light microscope at ×200 magnification with five random views and the number of invaded cells was counted.

### MTT assay

Four groups of cells transfected with miR-30c mimics, miR-30c inhibitor or negative control as well as blank cells were seeded in 96-well plates (2×10^3^/well) and 3 replicates were performed for each group. The MTT solution (Beyotime Institute of Biotechnology, Haimen, China) was added to each well at 24, 48, and 72 h. Following incubation at 37°C for 4 h, the absorbance of each well was measured using a BioTek spectrophotometer (Biotek Instruments, Inc., Winooski, VT, USA) at 492 nm and a cell growth curve was constructed.

### Cell adhesion assay

In each well of a 96-well plate, 50 µl Matrigel (serum-free medium at 1:8 dilution) was added and dried under sterile conditions. Following transfection for 48 h, 2×10^4^ cells/well were cultured in each incubated well. After 60 min of incubation, non-adherent cells were rinsed off and a Cell Counting Kit-8 (Beyotime Company, Jiangsu, China) was used to quantify the attached cells by detection of absorbance at 450 nm using a BioTek spectrophotometer.

### Cell invasion assay

The invasion of ESCs was analyzed using Matrigel invasion chambers (growth-factor depleted Matrigel invasion chambers; BD Biosciences, Franklin Lakes, NJ, USA). In the Matrigel chambers, 500 µl serum-free DMEM was added and incubated at room temperature for 1 h to hydrate the Matrigel. Subsequently, 750 µl DMEM containing 20% fetal bovine serum (Hyclone; GE Healthcare Life Sciences) was added to the lower chamber. Successfully transfected cells were collected and re-suspended to 4×10^5^ cells/ml with DMEM containing 0.1% BSA. Following 18 h of incubation at 37°C with 5% CO~2~, the cells on the upper side of the membrane were wiped with a cotton swab. The invaded cells on the other side of the chamber were fixed with 4% methanol at room temperature for 10 min. Following staining with 0.1% crystal violet, cells were counted under a microscope.

### Statistical analysis

Values are expressed as the mean ± standard deviation. Statistical analysis was performed using SPSS 16 statistical software (SPSS, Inc., Chicago, IL, USA). All data were analyzed using the Student\'s t-test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression of PAI-1 and miR-30c in EMs tissues

RT-qPCR was performed to evaluate the expression of PAI-1 and miR-30c in EMs tissues. PAI-1 expression was significantly increased in ectopic and eutopic endometrium compared with normal tissues (P\<0.05; [Fig. 1A](#f1-etm-0-0-5145){ref-type="fig"}). PAI-I expression did not significantly differ between ectopic and eutopic endometrium. By contrast, the expression of miR-30c was significantly decreased in ectopic and eutopic endometrium compared with normal tissues (P\<0.05); however, no difference in miR-30c expression was observed between ectopic and eutopic endometrium ([Fig. 1B](#f1-etm-0-0-5145){ref-type="fig"}). In addition, the levels of PAI-1 protein in tissues were detected by western blot analysis and were similar to its mRNA expression. Levels of PAI-1 protein were significantly higher in eutopic and ectopic endometrium than in normal tissues (P\<0.05), while there was no significant difference between PAI-1 expression in ectopic and eutopic endometriosis tissue ([Fig. 1C](#f1-etm-0-0-5145){ref-type="fig"}). These results demonstrated that miR-30c expression was decreased, whereas PAI-1 expression was increased in EMs tissue.

### miR-30c inhibits the expression of PAI-1 in transfected ESC cells

To determine whether PAI-1 expression is regulated by miR-30c, ESCs were transfected with miR-30c mimics and miR-30c inhibitor. Following transfection for 48 h, miR-30c expression was significantly increased in ESCs transfected with miR-30c mimics and was \>70% higher than that in the NC and Blank groups (P\<0.05 vs. Blank; [Fig. 2A](#f2-etm-0-0-5145){ref-type="fig"}). Furthermore, miR-30c expression was significantly decreased in ESCs transfected with miR-30c inhibitor and was \~30% of that in the NC and Blank groups (P\<0.001 vs. Blank; [Fig. 2A](#f2-etm-0-0-5145){ref-type="fig"}). Total RNA and protein was extracted from transfected ESCs to detect the expression of PAI-1 mRNA and protein by RT-qPCR and western blotting, respectively. Compared with the NC and Blank groups, cells transfected with miR-30c mimics exhibited significantly decreased expression of PAI-1 at the mRNA (P\<0.05; [Fig. 2B](#f2-etm-0-0-5145){ref-type="fig"}) and protein level (P\<0.05; [Fig. 2C](#f2-etm-0-0-5145){ref-type="fig"}). By contrast, inhibition of miR-30c expression increased the expression of PAI-1 at the mRNA and protein level (P\<0.05; [Fig. 2B and C](#f2-etm-0-0-5145){ref-type="fig"}). These results indicated that overexpression of miR-30c may repress the expression of PAI-1 mRNA and protein.

### ESC proliferation, adhesion and migration are regulated by miR-30c

To further assess the regulatory roles of miR-30c in ESCs, its effect on migration and invasion were assessed. Compared with the Blank and NC groups, ESCs overexpressing miR-30c exhibited significantly reduced cell migration (P\<0.05; [Fig. 3A](#f3-etm-0-0-5145){ref-type="fig"}) and invasion (P\<0.05; [Fig. 3B](#f3-etm-0-0-5145){ref-type="fig"}). By contrast, inhibition of miR-30c expression in ESCs increased the ability of cells to migrate and invade (P\<0.05; [Fig. 3A and B](#f3-etm-0-0-5145){ref-type="fig"}). These results indicated that miR-30c expression inhibits the motility of ESCs.

To elucidate the effect of miR-30c on cell proliferation, an MTT assay was performed. The results demonstrated that, compared with the Blank and NC groups, overexpression of miR-30c in ESCs significantly reduced the proliferation of ESCs (P\<0.05), whereas inhibition of miR-30c in ESCs significantly increased ESC proliferation (P\<0.05; [Fig. 3C](#f3-etm-0-0-5145){ref-type="fig"}). This suggested that miR-30c may repress the proliferation of ESCs.

Compared with the Blank and NC groups, the results of an adhesion test using Matrigel showed that overexpression of miR-30c in the miR-30 mimics group decreased the number of adhesive cells, while the inhibition of miR-30c in the group transfected with the miR-30 inhibitor exhibited an increased number of adhesive cells ([Fig. 3D](#f3-etm-0-0-5145){ref-type="fig"}). This indicated that miR-30c may reduce the adhesion ability of ESCs.

Discussion
==========

EMs is a type of benign disease with malignant behaviors ([@b33-etm-0-0-5145]). The pathology of EMs includes adhesion of ectopic endometrial cells, invasive growth and angiogenesis ([@b34-etm-0-0-5145],[@b35-etm-0-0-5145]). The etiology and pathogenesis of EMs have remained to be fully elucidated. miRNA, as a post-transcriptional regulator, may influence the biological behavior of cells by targeting a wide range of mRNAs ([@b36-etm-0-0-5145]). Accounting for \~2% of the total number of human genes, miRNA can regulate \>30% genes in the human genome ([@b37-etm-0-0-5145]). It is important to identify miRNA and associated target genes that impact EMs progression. As the primary inhibitor of the fibrinolysis system, PAI-1 is widely expressed in various tissues. Casslen *et al* ([@b38-etm-0-0-5145]) found that PAI-1 was expressed in the human endometrium and Bruse *et al* ([@b39-etm-0-0-5145]) demonstrated that PAI-1 was overexpressed in ectopic endometrial tissues. The results of the present study showed that PAI-1 expression in ectopic and eutopic endometrial tissues was higher than in normal tissues, which is consistent with the results of the previous study by Bruse *et al* ([@b39-etm-0-0-5145]).

A study by Lagos-Quintana *et al* ([@b40-etm-0-0-5145]) detected the expression of miR-30c in the heart and brain tissues of mice. Furthermore, abnormal expression of miR-30c was found in the reticulocytes of patients with Polycythemia vera ([@b41-etm-0-0-5145]). Downregulated miR-30c has been identified in a number of malignancies, including breast ([@b42-etm-0-0-5145]), colorectal ([@b43-etm-0-0-5145]) and bladder cancer ([@b44-etm-0-0-5145]). The present study found that miR-30c was downregulated in ectopic and eutopic endometrial tissues, indicating that miR-30c may suppress the progression and development of EMs. Primary ESCs were cultured and subsequently transfected with miR-30c mimics or inhibitor. It was demonstrated that miR-30c was able to regulate the expression of PAI-1 in ESCs. It has been demonstrated that miR-30c can directly bind to the bases 1,704--1,760 in the 3′untranslated region (UTR) of PAI-1 in human endothelial cells ([@b13-etm-0-0-5145]). Therefore, miR-30c may regulate PAI-1 expression by directly targeting the 3′UTR of PAI-1. In the present study, the biological functions of miR-30c in ESCs were investigated by targeting PAI-1. It was demonstrated that repressed expression of PAI-1 induced by increased miR-30c expression may decrease the migration and invasion of ESCs. Furthermore, inhibition of miR-30c expression induced the upregulation of PAI-1 expression and promoted ESC migration and invasion. In addition, the MTT assay showed that miR-30c inhibited ESC proliferation. The effects of miR-30c on the adhesion ability of ESCs were also examined. It was found that overexpression of miR-30c downregulated PAI-1 expression, thus reducing the number of cells attached to the Matrigel, while inhibition of miR-30c increased the number of adhesive cells by upregulating the expression of PAI-1. The results suggested that miR-30c may be involved in endometriosis by targeting PAI-1, thus affecting the migration, invasion, proliferation and adhesion of ESCs.

In conclusion, the present study demonstrated that downregulation of miR-30c may be involved in the occurrence and progression of EMs. The negative regulation of PAI-1 by miR-30c appears to be important in Ems-associated processes. Through designing targeted inhibition strategies and monitoring the expression of miR-30c and PAI-1, the diagnosis and prognosis of Ems may improve.
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![The expression of PAI-1 and miR-30c in endometrial tissues. (A) Reverse transcription-quantitative polymerase chain reaction demonstrated that levels of PAI-1 mRNA were increased in eutopic and ectopic endometrial tissues compared with normal tissues. (B) miR-30c mRNA expression was also decreased in eutopic and ectopic endometrial tissues compared with normal tissues. (C) Western blot analysis indicated that PAI-1 expression was increased in eutopic and ectopic endometrial tissues compared with normal tissues. \*P\<0.05 vs. normal endometrium. ESCs, primary endometrial stromal cells; miR, microRNA; PAI-1, plasminogen activator inhibitor type 1.](etm-14-05-4846-g00){#f1-etm-0-0-5145}

![miR-30c represses the transcription and translation of PAI-1 in ESCs. (A) ESCs were transiently transfected with miR-30c mimic or inhibitor and expression of miR-30c was detected by RT-qPCR after 48 h. (B) RT-qPCR was performed to detect PAI-1 mRNA in ESCs following transfection of miR-30c or inhibitor. (C) Western blot analysis was performed to detect levels of PAI-1 protein in ESCs following transfection of miR-30c or inhibitor. \*P\<0.05, \*\*\*P\<0.001 compared with blank; ^\#^P\<0.05, compared with NC. ESCs, primary endometrial stromal cells; RT-qPCR, reverse-transcription quantitative polymerase chain reaction; NC, negative control; miR, microRNA; PAI-1, plasminogen activator inhibitor type 1.](etm-14-05-4846-g01){#f2-etm-0-0-5145}

![miR-30c inhibits the migration, invasion, proliferation and adhesion of endometrial stromal cells. Effects of miR-30c on (A) cell migration and (B) invasion were analyzed by a Transwell invasion assay. (C) Effects of miR-30c on cell proliferation were analyzed using an MTT assay. (D) Effects of miR-30c on cell adhesion were analyzed using a Cell Counting Kit-8 assay. \*P\<0.05, compared with blank; ^\#^P\<0.05, compared with NC. NC, negative control; miR, microRNA.](etm-14-05-4846-g02){#f3-etm-0-0-5145}
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